V 



(19) 



I 



(12) 



(43) Date of publication: 

26.07.2000 Bulletin 2000/30 

(21) Application number: 00300333.2 

(22) Date of filing: 18.01 .2000 



Europaisches Patentamt 
European Patent Office 
Office europSendes brevets (11) EP 1 022 844 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCl/: H02M1/12 



(84) Designated Contracting States: 

ATBECHCYDE DKESRFRGB GR IE ITULU 
MCNL PTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 19.01.1999 JP 1015599 

(71) Applicant: 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 
Kadoma-shi, Osaka 571-0501 (JP) 



(72) Inventors: 

• Okul, Hiroshi 

Kusatsu-shl, Shiga 525-0025 (JP) 

• Ogawa, Masanori 
Kusatsu-shl, Shiga 525-0025 (JP) 

(74) Representative: 

Rackham, Stephen Neil 
GILL JENNINGS & EVERY, 
Broadgate House, 
7 Eldon Street 
London EC2M 7LH (GB) 



(54) Power supply device and air conditioner using the same 

(57) The invention provides a power supply device 
capable of widening a conduction period of an input cur- 
rent by a simple control to improve power factor, and Fig. 1 
reduce a harmonic distortion of the input current. The 
power supply device comprises a rectifier circuit (2), a 
reactor (3), a power factor correction circuit (7) having 
switching elements (4a, 4b), capacitors (5a, 5b) and 
reverse-current blocking rectifier elements (6a. 6b), a 
smoothing capacitor (8) for smoothing an output voltage 
of the power factor correction circuit (7) to obtain a DC 
voltage, a pulse signal controller (22) generating and 
putputting a pulse signal for turning on and off the 
switching elements (4), and a driver (23) for receiving 
the pulse signal to drive the switching elements (4) of 
the power factor correction circuit (7). 
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Description 

BACKGROUND OF THE INVENTION 

(Reld of the Invention) 

[0001] The present invention relates to a power 
supply device which converts an alternating current into 
a DC, and reduces a harmonic distortion of an input cur- 
rent so as to improve a power factor. 

(Description of the Related Art) 

[0002] Conventionally, a capacitor input type recti- 
fier circuit has been used as an AC-to-DC converter cir- 
cuit in various fields. The capacitor input type rectifier 
circuit inputs an AC voltage to a diode rectifier circuit so 
as to obtain a ripple voltage output, and smoothens the 
ripple voltage output by a capacitor so as to obtain a DC 
voltage. However, in the capacitor input type rectifier cir- 
cuit a conduction period of an input current becomes 
narrow, and then, a power factor is worsened, and fur- 
ther, a reactive power is much. For this reason, it is not 
possible to effectively use a power, and the input current 
contains much harmonic distortions; as a result, there is 
a problem of fault to equipment connected to the identi- 
cal power supply device. In order to solve the above 
problem, conventionally, a power supply device having a 
circuit configuration as shown in Fig. 31 A has been 
developed as a technique for improving a power factor 
to reduce a harmonic distortion. 
[0003] As shown in Fig. 31 B, when a rectifier circuit 
103 converts an AC voltage Vin from an AC power sup- 
ply 101 into a ripple output voltage, the power supply 
device can relieve a rush of the input current lin by an 
inserted reactor 102. As a result, the conduction period 
becomes widened, and thereby it is possible to improve 
a power factor and to reduce a harmonic distortion con- 
tained in the input current lin. 
[0004] As described above, the conventional power 
supply device shown in Fig. 31 has been used in various 
apparatuses because only passive components having 
a simple construction are inserted so as to improve a 
power factor. 

[0005] In recent years, a power supply device as 
shown in Rg. 32A has been developed, which improves 
a power factor using active elements. The power supply 
device shown in Fig. 32A will be described below. In Rg. 
32A, a control circuit 109 generates and outputs a sig- 
nal for turning on and off a switching element 107 at a 
high frequency so as to form an input current into a 
shape of a sine wave. A reactor 106 is a high-frequency 
compliant reactor for forming the input current into a 
shape of sine wave together with the switching element 
1 07. A diode 1 08 prevents an electric charge charged to 
a smoothing capacitor 104 from reversely flowing when 
the switching element 107 is in an on state. 
[0006] The following is a description on an opera- 



tion of the above power supply device. The control cir- 
cuit 109 compares a detection current from an input 
current detecting circuit (not shown) with a sine wave- 
shaped reference waveform prepared based on a power 

5 supply voltage waveform, and then, generates and out- 
puts a pulse signal for controlling an on/off of the switch- 
ing element 107 so as to form the input current into a 
shape of a sine wave. The switching element 107 
makes an on/off operation in accordance with the pulse 

w signal to cause the reactor 106 to be in a short circuit or 
in an open circuit repeatedly so that the input current is 
brought close to the reference waveform. As a result, as 
shown in Fig. 32B, it is possible to obtain a sine wave- 
shaped input current substantially similar to the aiter- 

is nating voltage Vin of the AC power supply 101, and 
thus, to bring a power factor close to 1 . Further, it is pos- 
sible to greatly reduce a harmonic distortion contained 
in the input current lin. 

[0007] Moreover, there is a power supply device 

20 which remarkably simplifies a switching control so as to 
improve a power factor, as disclosed in Japanese Pat- 
ent Laid-open Publication No. 9-266674, 10-174442, or 
Japanese Patent No. 2763479. 
[0008] These power supply devices will be 

25 described below with reference to Rgs, 33 and 34. 
[0009] In a power supply device shown in Rg. 33A, 
a reactor 102 is used for a low frequency. A control cir- 
cuit 1 1 0 outputs a pulse signal for turning on the switch- 
ing element 107 for a predetermined time in 

30 synchronous with a zero cross point of the AC power 
supply 101. Whereby a current for short-circuiting the 
AC power supply 101 flows via the rectifier circuit 103, 
the reactor 102 and the switching element 107, and 
thereby, the input current flows from the zero cross point 

35 of the AC power supply 1 01 . Then, when the switching 
element 107 becomes an off state, a current flows 
through the rectifier circuit 103, the reactor 102, a 
reverse-current blocking rectifier element 108 and the 
smoothing capacitor 104. As a result, it is possible to 

40 make wide a conduction period to improve a power fac- 
tor. Further, the control circuit 1 10 can output the pulse 
signal for turning on the switching element 107 after a 
delay of predetermined time from the zero cross point of 
the AC power supply 101. The delay time may be set in 

4$ accordance with a magnitude of load, and thereby, it is 
possible to obtain an optimum power factor for each 
load. 

[0010] A power supply device shown in Rg. 34 A 
includes capacitors 120a and 120b for improving a 

so power factor. A control circuit 1 1 1 outputs a pulse signal 
for turning on a bi-directional switch 1 15 for a predeter- 
mined time in the vicinity of the zero cross point of the 
AC power supply 101. Thus a charging current flows to 
the capacitor 120a or 120b via a reactor 102 and a rec- 

55 tifier circuit 103. A phase of the charging current is 
advanced, it is therefore possible to make early a rise of 
the input current Then, when the bi-directional switch 
115 becomes off, an input current flows through the 
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reactor 102, the rectifier circuit 103 and a smoothing cir- 
cuit 104. Consequently, a conduction period of the input 
current can be widened to improve a power factor. 
[001 1 ] Moreover, in the power supply device shown 
in Fig. 34A, the control circuit 111 can change an output 
voltage value by changing a pulse width of the pulse sig- 
nal. More specifically, the power supply device shown in 
Fig. 34A is operated as a full-wave rectifier circuit when 
the bi-directionai switch is off, and is operated as a volt- 
age doubler rectifier circuit when the bi-directional 
switch is in an on state. 

[0012] Therefore, by changing a pulse width of the 
pulse signal, the control circuit 1 1 1 can change an out- 
put voltage within a range which is more than a voltage 
obtained by a full-wave rectification, and is lower than a 
voltage obtained by a voltage doubler rectification. 
[0013] However, in the above power supply device 
shown in Fig. 31 A, its improvement effect is low 
although the power supply device can improve a power 
factor with a simple construction and a sufficient power 
factor can not be obtained. Since a reactor value must 
be made large in order to obtain high power factor with 
the circuit construction, it causes a problem that compo- 
nents would be made into a large size and a loss would 
simultaneously increase. 

[001 4] Even though the above power supply device 
shown in Fig. 32A can form the input current into a 
shape of sine wave and control a power factor to 
approximately 1, the power supply device has the fol- 
lowing problem. More specifically, the control becomes 
complicate, and a loss in the switching element 107 is 
increased due to high frequency switching accompany- 
ing with waveform shaping, and further, a switching 
noise increases. Therefore a powerful filter circuit is 
required for restricting the aforesaid loss. This causes a 
cost increase, an increase of loss in the filter circuit, and 
finally efficiency deterioration as a whole. 
[0015] The above power supply device shown in 
Fig. 33A has the following problems although it can 
remarkably simplify a switching control. More specifi- 
cally, in particular, a current waveform becomes a non- 
continuous state as shown in Fig. 33B in a low load, or 
is too advanced; for this reason, a sufficient power factor 
can not obtained. Further, an output timing of the pulse 
signal is delayed for a predetermined time from the zero 
cross point of the AC power supply, and thereby, an opti- 
mum power factor is obtained in a low load. However, 
the control becomes complicate, because both of a 
delay time and a pulse width must be controlled. Fur- 
ther, in the case where the above power supply device 
is applied to an air conditioner or the like, the reactor is 
made into a large size in inputting 200V, and then, a loss 
is increased in the large-sized reactor. Further, since a 
voltage applied to switching means becomes high, a 
component having a high withstand voltage is required. 
As a result, the component is made into a large size, 
and a switching loss becomes great in the switching ele- 
ment 107. 



[001 6] In the above power supply device shown in 
Rg. 34A, it is possible to remarkably simplify a switching 
control, and to obtain high power factor in a low load. 
Further, it is possible to increase an output voltage 

5 within a range which is more than a voltage obtained by 
a full wave rectification, and is lower than a voltage 
obtained by a voltage doubler rectification. This power 
supply device however has the following problems. 
More specifically, as shown in Fig. 34 B, when an output 

w voltage increases, a voltage boost ratio becomes 
higher, and the power supply device is dose to the volt- 
age doubler rectifier circuit Consequently a sufficient 
power factor can not be obtained. It is impossible to 
obtain an output voltage more than a voltage obtained 

is by the voltage doubler rectification. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made in 
20 order to solve the aforesaid problem in the prior art. it is, 
therefore, an object of the present invention to provide a 
power supply device which can obtain high power factor 
with a simple construction and control without carrying 
out high frequency switching, prevent an increase of 
25 loss in a filter circuit resulting from an increase of loss in 
a switching element and an increase of switching noise, 
and can restrict a harmonic and a loss. 
[001 8] Further, another object of the present inven- 
tion is to provide a power supply device which can 
30 obtain high power factor in the whole loads even if a 
switching control is simplified, and can improve a power 
factor by a simple control. 

[001 9] Further, another object of the present inven- 
tion is to provide a power supply device which can pre- 

55 vent an increase in a size of reactor in an input of 200V, 
and an increase of loss resulting from the increase of 
the reactor size, and can prevent a switching element 
from being made into a large size. In addition, another 
object of the present invention is to provide a power 

40 supply device which can greatly change an output volt- 
age even if a switching control is simplified, and can 
obtain a sufficient power factor. 
[0020] To achieve the above objects, according to 
the first aspect, the present invention provides a power 

45 supply device. The device comprises a rectifier unit, a 
reactor, a power facta correction unit, a pulse signal 
controller and a switching driver. 
[0021] The rectifier unit rectifies an output voltage 
of an AC power supply to convert the voltage into a DC 

so voltage. The reactor is connected to the rectifier unit 
The power factor correction unit inputs an output volt- 
age of the rectifier unit via the reactor. The power factor 
correction unit includes a switching circuit, a capacitor 
circuit and a reverse-current blocking rectifier element 

55 The switching circuit comprises a plurality of switching 
elements connected in series and turning on or off to 
change a current path in the power factor correction 
unit The capacitor circuit comprises a plurality of 
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capacitors connected in series. The reverse-current 
blocking rectifier element prevents the charge in the 
capacitors from flowing reversely when the switching 
circuit turns on. The switching circuit and the capacitor 
circuit is arranged in parallel. At lest one of connection 5 
nodes between the switching elements is connected to 
one connection node between the capacitors. Ends of 
the switching circuit is connected to ends of the capaci- 
tor circuit via the reverse-current blocking rectifier ele- 
ment. The pulse signal controller generates and outputs 10 
a pulse signal to turn on and off each switching element 
of the power factor correction unit. The switching driver 
receives the pulse signal to drive the switching circuit of 
the power factor correction unit based on the received 
pulse signal. 15 
[0022] The pulse signal controller may change a 
control method of the pulse signal in accordance with a 
zero cross point of the AC supply voltage, magnitude of 
the AC supply voltage, status of a bad, or the frequency 
of the AC supply voltage. For example, the pulse signal 20 
controller may select one control method from a plurality 
of methods for controlling the pulse signal in accord- 
ance with status of a load 

[0023] In the power supply device according to the 
present invention, a wide conduction period can be 25 
obtained to restrict a harmonic distortion, and realize a 
power supply device which can reduce a switching 
noise and a loss by a simple construction and control. 
Further the power supply device according to the 
present invention provides a low-loss air conditioner 30 
which has high power factor and can restrict a harmonic 
distortion. 

[0024] An air conditioner with high efficiency, low 
harmonic and low loss also can be provided by applying 
thereto the power supply device according to the 35 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 40 

Fig. 1 is a circuit diagram showing a construction of 
a power supply device according to a first embodi- 
ment of the present invention. 
Fig. 2 is a view showing a pulse signal and its prin- 45 
cipal waveform in the power supply device accord- 
ing to the first embodiment of the present invention. 
Fig. 3 is a circuit diagram showing a construction of 
a power supply device according to a second 
embodiment of the present invention. 50 
Fig. 4 is a circuit diagram showing a construction of 
a power supply device of the present invention, and 
in particular, is a circuit diagram showing a con- 
struction of a zero cross detecting circuit. 
Fig. 5 is a view showing a pulse signal and its prin- 55 
cipal waveform in the power supply device accord- 
ing to the second embodiment of the present 
invention. 



Fig. 6 is a view showing a pulse signal and its prin- 
cipal waveform in the power supply device accord- 
ing to a third embodiment of the present invention. 
Figs. 7A to 7D are views showing a current flowing 
path in one example of the power supply device of 
the present invention. 

Fig. 8 is a view showing a pulse signal and its prin- 
cipal waveform in the power supply device accord- 
ing to a fourth embodiment of the present invention. 
Fig. 9 is a view showing another pulse signal and its 
principal waveform in the power supply device 
according to the fourth embodiment of the present 
invention. 

Fig . 1 0 is a view showing a pulse signal and its prin- 
cipal waveform in the power supply device accord- 
ing to a fifth embodiment of the present invention. 
Fig. 1 1 is a circuit diagram showing a construction 
of a power supply device according to a sixth 
embodiment of the present invention. 
Fig. 1 2 is a view showing a pulse signal and its prin- 
cipal waveform in the power supply device accord- 
ing to the sixth embodiment of the present 
invention. 

Fig. 13 is a circuit diagram showing a construction 
of a power supply device according to a seventh 
embodiment of the present invention. 
Rg. 14 is a circuit diagram showing a construction 
of a power supply device according to an eighth 
embodiment of the present invention. 
Rg. 1 5 is a view showing a pulse signal and its prin- 
cipal waveform in the power supply device accord- 
ing to the eighth embodiment of the present 
invention. 

Rg. 16 is a circuit diagram showing a construction 

of a power supply device according to a ninth 

embodiment of the present invention. 

Rg. 17 is a circuit diagram showing a construction 

of a power supply device according to a tenth 

embodiment of the present invention. 

Rgs. 1 8A and 1 8B are views showing a pulse signal 

and its principal waveform in the power supply 

device according to the tenth embodiment of the 

present inventioa 

Rg. 19 is a circuit diagram showing a construction 
of a power supply device according to an eleventh 
embodiment (and twelfth embodiment) of the 
present invention. 

Rg. 20 is a view showing a relationship between a 

motor speed and a pulse width of a pulse signal 

outputted by pulse signal control means. 

Rg. 21 is a view showing a control mode of a power 

factor correction circuit with respect to a load and a 

motor speed control by an inverter. 

Rg. 22 is a view showing a control mode of a power 

factor correction circuit with respect to a load and a 

motor speed control by an inverter. 

Rg. 23 is a view showing a control mode of a power 

factor correction circuit with respect to a load and a 
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motor speed control by an inverter. 

Fig. 24 is a circuit diagram showing a construction 

of a power supply device according to a thirteenth 

embodiment of the present invention. 

Fig. 25 is a circuit diagram showing a construction 

of a power supply device according to a fourteenth 

embodiment of the present invention. 

Fig. 26 is a view showing a relationship between a 

motor speed and a pulse width of a pulse signal 

outputted by pulse signal control means. 

Fig. 27 is a block cfiagram showing a construction of 

an air conditioner according to one embodiment of 

the present invention. 

Fig. 28 is a view showing another construction of 
the power supply device of the present invention. 
Figs. 29A to 29D are views showing a current flow 
path in another example of the power supply device 
of the present invention. 

Fig. 30 is a view showing still another construction 
of the power supply device of the present invention. 
Fig. 31 A is a circuit diagram showing one example 
of a conventional power supply device, and Fig. 
31 B is a view showing a principal waveform. 
Fig. 32A is a circuit diagram showing another exam- 
ple of a conventional power supply device, and Fig. 
32B is a view showing a principal waveform. 
Fig. 33A is a circuit diagram showing still another 
example of a conventional power supply device, 
and Fig. 33B is a view showing a principal wave- 
form. 

Fig. 34A is a circuit diagram showing still another 
example of a conventional power stpply device, 
and Fig. 34B is a view showing a principal wave- 
form. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Preferred embodiments of a power supply 
device according to the present invention will be 
described below in detail with reference to the accom- 
panying drawings. In all drawings, like reference numer- 
als are used to designate the identical or equivalent 
components or portions. 

(First Embodiment) 

[0027] Fig. 1 is a circuit diagram showing a con- 
struction of a power supply device according to one 
embodiment of the present invention. In Fig. 1, The 
power supply device comprises a rectifier circuit 2 for 
rectifying an AC voltage from an AC power supply 1 to 
output a rectified ripple voltage, a reactor 3 for improv- 
ing a power factor, a power factor correction circuit 7 
and a smoothing capacitor 8 for smoothing an output 
voltage of the power factor correction circuit 7 to supply 
the voltage to a load 9. The rectifier circuit 2 is com- 
posed of a plurality of rectifier elements 2a, 2b, 2c and 



2d The power factor correction circuit 7 is composed of 
two switching elements 4a and 4b connected in series, 
and two capacitors 5a and 5b connected in series, and 
two reverse blocking rectifier elements 6a and 6b. An 

5 intermediate point of the serial connection of two switch- 
ing elements 4a and 4b is connected with an intermedi- 
ate point of the serial connection of two capacitors 5a 
and 5b. The switching element 4a and the capacitor 5a 
are connected via the reverse blocking rectifier element 

io 6a The switching element 4b and the capacitor 5b are 
connected via the reverse blocking rectifier element 6b. 
[0028] In this case, self arc-extinguishabte semi- 
conductors such as a power transistor, a power MOS- 
FET, an IGBT are used as these switching elements 4a 

is and 4b. Moreover, to give an example of load, there are 
a heating wire, an inverter and lighting equipment and 
motors which are connected to the inverter to operate 
etc. 

[0029] Further, the power supply device includes a 

20 pulse signal controller 22 which generates and outputs 
a pulse signal for driving the switching elements 4a and 
4b, and a switch driver 23 which receives a pulse signal 
from the pulse signal controller 22 to drive the switching 
elements 4a and 4b. The pulse signal controller 22 com- 

25 prises a general logic circuit or a microprocessor. The 
switch driver 23 comprises a transistor, a dedicated IC 
or a photo-coupler for electrical insulation. 
[0030] An operation of the pulse signal controller 22 
will be described below. The pulse signal controller 22 

30 generates and outputs a pulse signal for turning on at 
least one of two switching elements 4a and 4b in a half 
period of AC power supply 1 . 
[0031] Fig. 2 is a view showing a pulse signal out- 
putted by the pulse signal controller 22, a power supply 

35 voltage, and a waveform of an input current in this 
embodiment. In Fig. 2, "Vin w shows a voltage of the AC 
power supply 1 , "lin" shows an input current "Pa" shows 
a pulse signal for driving the switching element 4a; and 
"Pb" shows a pulse signal for driving the switching ele- 

40 merit 4b. 

[0032] In Fig. 2, pulse signals Pa and Pb having the 
same pulse width are outputted to two switching ele- 
ments 4a and 4b at the same timing. As a result, in a 
period of no current flow primitively, a short-circuit cur- 

45 rent flows via the rectifier circuit 2, the reactor 3 and the 
switching elements 4a and 4b, and thereby, it is possible 
to make wide a conduction period as compared with the 
conventional power supply device as shown in Fig. 31. 
Thus, it is possible to obtain a sufficiently high power 

so factor, and to restrict a harmonic distortion contained in 
the input current. 

[0033] As descrtoed above, in the power supply 
device of this first embodiment, a more sufficiently high 
power factor can be obtained with a simple construction 
55 and control. Therefore, it is possible to provide a low- 
loss power supply device which has a small switching 
noise, and prevents an increase of loss in a filter circuit 
and switching elements 4a and 4b. 
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(Second Embodiment) 

[0034] Fig. 3 is a circuit diagram showing a con- 
struction of a power supply device according to another 
embodiment of the present invention. As shown in Fig. 
3 t the power supply device further includes a zero cross 
detecting circuit 21 which detects a zero cross point of 
the AC power supply 1 , and outputs a zero cross detec- 
tion signal, in addition to the circuit construction shown 
in Fig. 1 . Fig. 4 shows a construction of the power sup- 
ply device including the zero cross detecting circuit 21 
shown in detail. The zero cross detecting circuit 21 
alternately detects a zero cross point of the AC power 
supply 1 for each half period with the use of resistors 
62a, 62b, 63a and 63b and photo-couplers 61a and 61b. 
The pulse signal controller 22 receives a zero cross 
detection signal from the zero cross detecting circuit 21 , 
and then, generates and outputs a pulse signal for driv- 
ing the switching elements 4a and 4b. This pulse signal 
controller 22 is composed of a general logic circuit or a 
microprocessor. The switch driver 23 receives a pulse 
signal from the pulse signal controller 22 so as to drive 
the switching elements 4a and 4b. 
[0035] An operation of the pulse signal controller 22 
will be described below. The pulse signal controller 22 
generates and outputs two kinds of pulse signals for 
turning on two switching elements 4a and 4b respec- 
tively in a half -period of AC power supply 1 . In this case, 
the two kinds of pulse signals are alternately switched 
over for each half period of the AC power supply 1 , and 
then, are outputted to two switching elements 4a and 
4b, and thereby, it is possible to uniformly supply a 
charging current to two capacitors 5a and 5b alternately 
for each half period, and thus, to widen a conduction 
period thereby improving a power factor. 
[0036] Fig. 5 is a view showing a pulse signal out- 
putted by the pulse signal controller 22, a power supply 
voltage and a principal waveform of an input current in 
this second embodiment. As shown in Fig. 5, the pulse 
signal controller 22 outputs two pulse signals to the 
switching element 4a and outputs one pulse signal to 
the switching element 4b in a positive half period of the 
power supply voltage Vin in synchronous with the zero 
cross point of the AC power supply 1 . On the contrary, in 
a negative half period of the power supply voltage Vin, 
the umber of pulse signals is switched over, more spe- 
cifically, the pulse signal controller 22 outputs one pulse 
signal to the switching element 4a and outputs two 
pulse signals to the switching element 4b. In the afore- 
said manner, a switch-over of an output pattern of the 
pulse signal is carried out for each half period of the AC 
power supply 1. 

[0037] In Fig. 5. in the positive half period of the AC 
power supply 1, both switching elements 4a and 4b 
become on at the same time by means of the pulse sig- 
nals Pa and Pb for a predetermined time in synchro- 
nous with the zero cross point of the AC power supply 1 . 
A current short-circuiting the AC power supply 1 flows 



via the rectifier circuit 2, the reactor 3 and the switching 
elements 4a and 4b. Therefore, an input current rises up 
in synchronous with the zero cross point of the AC 
power supply 1. 

5 [0038] Then, when the pulse signals Pa and Pb 
becomes off, a current decreases thereafter, the switch- 
ing dement 4a again becomes on by means of the 
pulse signal Pa. Thus, a current charging the capacitor 
5b flows via the rector 3 and the switching element 4a; 

10 therefore, a current again increases. As a result, it is 
possible to enlarge a conduction period of the input cur- 
rent 

[0039] Likewise, in the negative half period of the 
AC power supply 1, a short-circuit current flowing via 
is the reactor 3 and a charging current to the capacitor 5a 
flow, and thereby, it is possible to enlarge a conduction 
period of the input current. 

[0040] The above operation is repeated for each 
period of the AC power supply 1 , and thereby, it is pos- 

20 sible to obtain a sufficiently high power factors and to 
restrict a harmonic distortion. 
[0041] As described above, in the power supply 
device of this second embodiment, the pulse signals Pa 
and Pb outputted to two switching elements 4a and 4b 

25 are switched over for each half period of the AC power 
supply 1. Whereby it is possible to obtain a sufficiently 
high power factor by a sirrple construction and control, 
and thus, to restrict a harmonic distortion. Further, it is 
possible to use a short-circuit current via the reactor 3, 

30 which has a relatively sudden current increase, and a 
charging current to the capacitor 5a or 5b, which has a 
relatively gentle current increase. Therefore, by use of 
these currents, and by change of circuit constant in 
combination with the use of these currents, it is possible 

35 to obtain various current waveforms to achieve a higher 
power factor. 

[0042] Furthermore, a low-loss power supply 
device which can generate small noise and restrict an 
increase of loss in a filter circuit and the switching ele- 

40 ments 4a and 4b can be provided. 

[0043] This second embodiment has described an 
output pattern such that two or one pulse signal is alter- 
nately outputted to two switching elements 4a and 4b for 
each half period. The output pattern is not limited to this 

4s pattern. 

{Third Embodiment) 

[0044] Fig. 6 is a view showing each waveform 
so (hereinafter, referred to as "principal waveform) of a 
power supply voltage, an input current and both ends 
voltage of each capacitor, and a waveform of a pulse in 
a power supply device according to still another embod- 
iment of the present invention. Fig. 7 is a view showing 
55 a change of a current flowing path in the power supply 
device. A positive half period of a power supply voltage 
is divided into five periods, and then, an operation of 
each period will be described below in detail with refer- 
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ence to Figs. 3, 6 and 7. In the following description, 
*Va" or "Vb" shows a voltage across capacitors 5a or 5b 
respectively, and "Vdc" shows a voltage across the 
smoothing capacitor 8. 

Period (J) : The pulse signal controller 22 outputs a 
pulse signal for turning on either of the switching 
elements 4a and 4b for a predetermined time in 
synchronous with the zero cross point of the volt- 
age Vin of the AC power supply 1. In the example 
shown in Fig. 6, a pulse signal Pa for turning on the 
switching element 4a is o inputted. At this time, a 
voltage on the load side seen from the AC power 
supply 1 becomes equal to voltage Vb of the capac- 
itor 5b, and becomes a value of approximately 1/2 
of the voltage Vdc of the smoothing capacitor 8. 
However, in this period, the power supply voltage 
Vin is lower than the voltage Vb of the capacitor 5b, 
and there is no current conduction from the AC 
power supply 1 to the load 9. Thus, no input current 
lin flows. 

Period @ : The power supply voltage Vin becomes 
larger than the voltage Vb of the capacitor 5b; 
therefore, a charging current to the capacitor 5b 
starts to flow along a current flowing path as shown 
in Fig. 7 A, and then, the current increases until the 
on state of the pulse signal is completed while the 
voltage Vb of the capacitor 5b increasing as 
increase of the current 

Period ® : Two switching elements 4a and 4b are 
both in an off state, and a voltage on the load side 
from the AC power supply 1 becomes equal to the 
voltage Vdc of the smoothing capacitor 8. At this 
time, the power supply voltage Vin is smaller than 
the Vdc; however, the input current lin continues to 
flow by an energy stored in the reactor 3 while 
decreasing. 

Period ® : The power supply voltage Vin becomes 
larger than the voltage Vdc of the smoothing capac- 
itor 8, and in this interval, the input current lin flows 
along a current flowing path as shown in Fig. 7C to 
charge the smoothing capacitor 8. 
Period ®: The charge to the smoothing capacitor 8 
is completed, and in this period, no input current lin 
flows. 

[0045] The operation from the Period ® to Period 
® described above can make early a rise of the input 
current as compared with the conventional case, and 
widen a conduction period of the input current. 
[0046] Moreover, in the negative half period of the 
AC power supply 1 , the pulse signal controller 22 out- 
puts a pulse signal for turning on the switching element 
4b for a predetermined time. At this time, a voltage to 
the load side seen from the AC power supply 1 
becomes equal to the voltage Va of the capacitor 5a. As 
well as the positive half period of the AC power supply 1 
already described, a charging current to the capacitor 



5a starts to flow from the point where the power supply 
voltage Vin becomes larger than the Va along a current 
flowing path as shown in Fig. 7B. After that, the same 
operation as the positive half period of the AC power 
5 supply 1 is carried out Thus, it is possible to make early 
a rise of the input current as compared with the conven- 
tional case to widen a conduction period of the input 
current 

[0047] Repeating the operation as described above 
10 for each period of the AC power supply 1 can provide a 
sufficiently high power factor, and reduce a harmonic 
distortion contained in the input current 
[0048] As described above, the power supply 
device of this third embodiment can realize a reduction 
is of a harmonic distortion contained in the input current 
by a simple construction and by a very simple control of 
one-time pulse signal output in the half period of the 
power supply voltage. This allows a low-loss power sup- 
ply device to have a small switching noise, and restrict 
20 an increase of loss in a filter circuit and the switching 
elements 4a and 4b. 

[0049] The power supply device of this embodiment 
is effective specially in case where the power supply 
device of this embodiment is applied to equipment such 

25 as an air conditioner or the like, and in case where the 
AC power supply 1 is 200V, when the switching element 
4a or 4b is in an on state, a voltage applied to the reac- 
tor 3 is moderated only by the voltages Va and Vb of the 
capacitors 5a and 5b. Therefore, it is possible to greatly 

30 make the reactor 3 into a small size as compared with 
the conventional power supply device shown in Fig. 33. 
Thus, the system can be miniaturized as a whole and 
reduce a loss in the reactor 3 to achieve a low loss of 
equipment. 

35 

(Fourth Embodiment) 

[0050] Fig. 8 is a view showing a pulse signal and a 
waveform of a principal waveform in a power supply 
40 device according to still another embodiment of the 
present invention. A positive half period of a power sup- 
ply voltage is divided into three periods, and then, an 
operation of each period will be described below in 
detail with reference to Fig. 3, Fig. 7 and Fig. 8. 

45 

Period ® : The pulse signal controller 22 outputs a 
pulse signal having different pulse width for tunning 
on two switching elements 4a and 4b for a predeter- 
mined time in synchronous with the zero cross point 

so of the voltage Vin of the AC power supply 1 . In the 
example shown in Fig. 8, the pulse signal controller 
22 outputs a pulse signal Pb for turning on the 
switching element 4b for a relatively short time in 
synchronous with a detection of the zero cross 

55 point of the AC power supply 1 , and outputs a pulse 
signal Pa for turning on the switching element 4a for 
a time which is longer than that of the switching ele- 
ment 4b and is equal to or shorter than a half period 
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of the AC power supply 1 . As a result, in the Period 
(J), both two switching elements 4a and 4b become 
an on state, and a current short-circuiting the AC 
power supply 1 flows along a current flowing path 
as shown in Fig. 7D via the rectifier circuit 2, the 5 
reactor 3 and the switching elements 4a and 4b. 
Period @ : The switching element 4b becomes an 
off state. A voltage on the load side seen from the 
AC power supply 1 becomes equal to the voltage 
Vb of the capacitor 5b. At this time, the power sup- 10 
ply voltage Vin is larger than the Vb, charging cur- 
rent flows to the capacitor 5b via the reactor 3 along 
the current flowing path shown in Fig. 7A. 
Period ® : The charge to the capacitor 5b is com- 
pleted, and in this period, no input current lin flows, is 



[0051] Like the third embodiment, the operation 
from the Period ® to the Period ® , as described 
above, can make early a rise of the input current as 
compared with the conventional power supply device to 20 
widen a conduction period of the input current. 
[0052] Moreover, in the negative naff period of the 
AC power supply 1, the pulse signal controller 22 
detects the zero cross point, and thereafter, conversely 
to the case of the positive half period of the AC power 25 
supply 1, outputs a pulse signal Pa for turning on the 
switching element 4a for a relatively short time, and a 
pulse signal Pb for turning on the switching element 4b 
for a time which is longer than that of the switching ele- 
ment 4a and is equal to or shorter than a half period of 30 
the AC power supply 1 . As a result, in the negative half 
period of the AC power supply 1 , the same operation as 
the positive half period is performed to make early a rise 
of the input current as compared with the conventional 
power supply device and to obtain a current waveform 3s 
having a wide conduction period. 
[0053] Repeating the operation as described above 
for each period of the AC power supply 1 can obtain a 
sufficiently high power factor, and reduce a harmonic 
distortion contained in the input current. 40 
[0054] In the power supply device of this fourth 
embodiment, in the Period @ , an energy is stored in 
the reactor 3 by a short-circuit current via the reactor 3 
along the current flowing path shown in Fig. 7D. In the 
Period ©, energy is stored in the capacitors 5a and 5b 45 
by the charging current to the capacitor 5b or 5a along 
the current flowing path shown in Fig. 7A or 7B. There- 
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[0055] As described above, the power supply 
device of this embodiment can enlarge a conduction 55 
period by a very simple control of one-time pulse signal 
output by output of a pulse signal having different pulse 
in the half period of the power supply voltage to two 



switching elements 4a and 4b respectively. Thus, a suf- 
ficiently high power factor can be achieved. 
[0056] Further, a switching noise is small, and it is 
possible to restrict an increase of loss in a filter circuit 
and the switching elements 4a and 4b. Therefore, a 
reduction of loss can be achieved. In addition, since an 
output voltage is increased greater than a voltage 
obtained by voltage doubler rectification, it is possible to 

[0057] In the power supply device according to the 
invention shown in the third embodiment as shown in 
Fig. 9, by generating a pulse signal for turning on the 
switching element for a period longer than the half 
period of the AC power supply 1, and outputting the 
generated pulse signal alternately for each half period 
of the AC power supply 1 , it is possible to carry out the 
same operation as the power supply device of the fourth 
embodiment to obtain the same effect 
[0058] In the power supply device of this fourth 
embodiment, a pulse width of two pulse signals Pa and 
Pb having different pulse width is controlled within a 
range less than the half period of the power supply volt- 
age. Therefore, it is possible to control an output voltage 
value of the power supply device in a wide range while 
obtaining high power facta correction effect. 

(Fifth Embodiment) 

[0059] Fig. 10 is a view showing a pulse signal and 
a waveform of a principal waveform in a power supply 
device according to still another embodiment of the 
present invention. The fifth embodiment will be 
described below in detail with reference to Figs. 3. 7 and 
10. 

[0060] In the example shown in Fig. 10, pulse sig- 
nals Pa and Pb having the same pulse width are simul- 
taneously outputted to both two switching elements 4a 
and 4b in synchronous with a zero cross detection sig- 
nal from the zero cross detecting circuit 21 . As a result, 
when both switching elements 4a and 4b are in a on 
state, a short-circuit current flows via the rectifier circuit 
2, the reactor 3 and the switching elements 4a and 4b 
along the current flowing path shown in Fig. 7D. There- 
fore, the input current lin can flow in the vicinity of the 
zero cross point of the AC power supply 1 where there 
is primitively no current flow. Thus, the input current lin 
can rise up in synchronous with the zero cross point it is 
possible to greatly widen a conduction period so as to 
obtain a sufficiently high power factor, and to reduce a 
harmonic distortion contained in the input current lin. 
[0061] Thus, as seen from Figs. 3, 7 and 10, in the 
power supply device of this fifth embodiment, the con- 
duction period is enlarged by a simple control of simul- 
taneously turning on two switching elements 4a and 4b 
in a half period of the power supply voltage. Therefore, 
a sufficiently high power factor can be obtained to 
greatly reduce a harmonic distortion contained in the 
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input current. 

[0062] Further, a switching noise becomes small, 
and it is possible to restrict an increase of loss in a filter 
circuit and the switching elements 4a and 4b so as to 
achieve a low loss. Therefore, an energy can be stored 
in the reactor 3 by a short-circuit current via the reactor 
3 to increase an output voltage Vdc. 
[0063] In a circuit construction of this embodiment, 
since the switching elements 4a and 4b are connected 
in series, a voltage applied to each of the switching ele- 
ments 4a and 4b becomes half as compared with the 
conventional case shown in Fig. 33. Whereby it is possi- 
ble to use the switching elements 4a and 4b having a 
low withstand voltage, so that individual components 
can be miniaturized. As a result, the power supply 
device can be made into a small size as a whole. 
[0064] Moreover, a voltage applied to each of the 
switching elements 4a and 4b is a half of the conven- 
tional case shown in Fig. 33. Therefore, a switching loss 
in the switching elements 4a and 4b can be reduced. In 
particular, when the input current is small, that is, in a 
low load, it is possible to realize a low-loss power supply 
device. The above effect is not limited to this fifth 
embodiment, and the same effect can be obtained in 
the power supply device of other embodiments. 

(Sixth Embodiment) 

[0065] Fig. 1 1 is a circuit diagram showing a con- 
struction of a power supply device according to still 
another embodiment of the present invention. As shown 
in Fig. 11, the power supply device further includes a 
detection signal delay circuit 24 in addition to the circuit 
structure shown in Fig. 3. The detection signal delay cir- 
cuit 24 receives a zero cross detection signal from the 
zero cross detecting circuit 21, delays the received sig- 
nal by only predetermined time to generate a zero cross 
delay signal, and outputs the delay signal to the pulse 
signal controller 22. The detection signal delay section 
24 comprises a delay circuit including a capacitance 
and a resistance and using a charging time constant, an 
IC having a timer function, a microprocessor or the like. 
[0066] The power supply device shown in Fig. 11 
will be described below. The pulse signal control signal 
22 receives a zero cross delay signal delayed for a pre- 
determined time from the zero cross point obtained by 
the detection signal delay section 24, and then, outputs 
a pulse signal for turning on at least one of the switching 
elements 4a and 4b for a predetermined time. 
[0067] Fig. 12 is a view showing a pulse signal and 
a principal waveform in the power supply device of this 
sixth embodiment. As shown in the example shown in 
Fig. 12, in the positive half period of the AC power sup- 
ply 1 , the switching element 4a is turned on in a portion 
of a latter-half phase of the half period by the pulse sig- 
nal Pa, and in the negative half period of the AC power 
supply 1 , the switching element 4b is turned on in a por- 
tion of a latter-half phase of the half period by the pulse 



signal Pk 

[0068] As seen from an input current waveform lin 
shown in Fig. 12, the pulse signal is delayed, and 
thereby, in the latter-half phase portion of the input cur- 
5 rent, the pulse signal is outputted at the same timing as 
in the former half phase for each half period of the 
power supply voltage. Therefore, a charging current 
flows to the capacitors 5a and 5b so as to widen a con- 
duction period. 

10 [0069] In the power supply device of this sixth 
embodiment, by delaying the pulse signal from the zero 
cross point of the AC power supply 1 for a predeter- 
mined time, the input current can flow in an arbitrary 
phase interval of the half period Therefore, the power 

15 supply device has the following advantages in particu- 
lar. The pulse signal which is outputted in a period 
where no current primitively flows can greatly enlarge a 
conduction period to obtain high power factor. In addi- 
tion, a noise is lowered, and a filter circuit is simplified, 

20 and further, a loss in the switching means is lowed. 
Therefore, it is possible to provide a low-loss power sup- 
ply device which has a simple construction. Further, by 
combining the pulse signal control in the above embod- 
iment can widen a conduction period. Thus, a power 

25 factor can be greatly improved and also a harmonic dis- 
tortion can be restricted. 

(Seventh Embodiment) 

30 [0070] Fig. 13 is a circuit diagram showing a con- 
struction of a power supply device according to still 
another embodiment of the present invention. As shown 
in Fig. 13, the power supply device further includes a 
supply voltage detecting circuit 25 for detecting a volt- 

35 age of the AC power supply 1 , in addition to the circuit 
construction shown in Fig. 3. The supply voltage detect- 
ing circuit 25 is composed using a resistor, a trans- 
former on requiring insulation or the like, and detects an 
alternating voltage Vin or an output ripple voltage |Vin| 

40 of the rectifier circuit 2. The power supply device of this 
seventh embodiment will be described below with refer- 
ence to Fig. 13. 

[0071] The pulse signal controller 22 receives a 
value of the power supply voltage obtained from the 

45 supply voltage detecting circuit 25, and then, outputs a 
pulse signal for turning on at least one of the switching 
elements 4a and 4b for a predetermined time in syn- 
chronous with the time when the power supply voltage 
value reaches a predetermined value. As a result, the 

so pulse signal is outputted at the same timing every time 
for each half period of the AC power supply 1 , so that a 
conduction period can be accurately enlarged for each 
period of the AC power supply 1 . Therefore, it is possi- 
ble to obtain high power factor, and to accurately restrict 

55 a harmonic distortion. Whereby a power supply device 
having a high reliability can be obtained. 
[0072] In the power supply device of this seventh 
embodiment, in place of the zero cross point detected 
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by the zero cross detecting circuit 21 , a control for out- 
putting a pulse signal is carried out on the basis of the 
voltage value of the power supply 1 obtained from the 
supply voltage detecting circuit 25 which reaches a pre- 
determined value. Thereby it is possible to get the same 5 
advantage as the above second to sixth embodiments. 
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[0073] More specifically, since the output timing of 
the pulse signal is advanced when the power supply 
voltage increases, the switching elements 4a and 4b 
become an on state when the power supply voltage is 
smaller than usual. As a result, an energy stored in the 
reactor 3 or the capacitors 5a and 5b decreases and the 
output voltage Vdc decreases. Conversely since the 
output timing of the pulse signal is delayed when the 
power supply voltage decreases, the switching ele- 
ments 4a and 4b become an on state when the power 
supply voltage is larger than usual. As a result, since an 
energy stored in the reactor 3 or the capacitors 5a and 
5b increases, the output voltage Vdc increases. There- 
fore, in the power supply device of this seventh embod- 
iment in the case where a variation of power supply 
voltage is small, an output voltage can be kept substan- 
tially constant, and the power supply device has an 
advantage of being durable to a disturbance. 

(Bghth Embodiment) 
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[0074] Fig. 14 is a circuit diagram showing a con- 
struction of a power supply device according to still 
another embodiment of the present invention. As shown 
in Fig. 14, the power supply device further includes a 40 
DC voltage detecting circuit 26 for detecting a voltage 
Vdc of the smoothing capacitor 8, in addition to the cir- 
cuit construction shown in Fig. 13. The DC voltage 
detecting circuit 26 is composed of a resistor or the like. 
An output of the DC voltage detecting circuit 26 is cap- 45 
tured in a microprocessor with the use of an A/D con- 
verter or the like. The DC voltage detecting circuit 26 
may detect an output voltage of the power supply device 
or an output voltage of the power factor correction circuit 
7. Rg. 1 5 is a view showing a pulse signal and a princi- so 
pal waveform in the power supply device of this eighth 
embodiment . 

[0075] A positive half period of the power supply 
voltage is divided into four (4) periods, and an operation 
of each period will be described below with reference to 55 
Figs. 7, 14 and 15. 

Period ® : The pulse signal controller 22 outputs a 



pulse signal for turning on either of the switching 
dements 4a and 4b until the voltage value Vin of 
the AC power supply 1 becomes a value more than 
the voltage Vdc of the smoothing capacitor 8 in syn- 
chronous with the zero cross point of the voltage 
Vin of the AC power supply 1. In the example 
shown in Rg. 15, in a positive half period, a pulse 
signal Pa for turning on the switching element 4a is 
outputted. At this time, a voltage on the load side 
seen from the AC power supply 1 becomes equal to 
voltage Vb of the capacitor 5b, and becomes a 
value of approximately 1/2 of the voftage Vdc of the 
smoothing capacitor 8. However, in this period, the 
power supply voltage Vin is lower than the voltage 
Vb of the capacitor 5b, and no current flows from 
the AC power supply 1 to the load side 
Period @: The power supply voltage Vin becomes 
larger than the voftage Vb of the capacitor 5b, and 
therefore a charging current to the capacitor 5b 
starts to flow along a current flowing path as shown 
in Fig. 7A. Then, the current increases while the 
pulse signal continues on. In this interval, the power 
supply voftage Vin increases, and then, becomes 
equal to the voltage Vdc of the smoothing capacitor 
8. At this time, the switching element 4a becomes 
an off state. The above operation is carried out by 
the pulse signal controller 22 which detects that the 
power supply voltage obtained from the supply volt- 
age detecting circuit 25 is more than a DC voltage 
value obtained from the DC voltage detecting circuit 
26, that is, the voltage Vdc of the smoothing capac- 
itor 8. 

Period @: Two switching elements 4a and 4b are 
both in an off state, and a voltage on the load side 
seen from the AC power supply 1 becomes equal to 
the voltage Vdc of the smoothing capacitor a At 
this time, the power supply voltage Vin is equal to 
the Vdc. Thereafter, in order to charge the smooth- 
ing capacitor 8 with an increase of the power supply 
voltage Vin, the input current lin flows along a cur- 
rent flowing path shown in Rg. 7C. 
Period ®: The charge to the smoothing capacitor 
8 is completed, and in this period, no current flows, 
and then, the power supply device becomes a non- 
conductive state. 

[0076] As described above, the operation from the 
Period ® to the Period ® can make early a rise of the 
input current lin as compared with the conventional 
case, Therefore, a current waveform having a wide con- 
duction period can be obtained, and also, in a switch- 
over point of the Period @ and the Period ®, a 
smoother current waveform can be obtained without 
forming a sharp current waveform as shown in Rg. 6 of 
the third embodiment. 

[0077] Moreover, in the negative half period of the 
AC power supply 1, the pulse signal controller 22 out- 
puts a pulse signal Pb for turning on the switching ele- 
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ments 4b until the voltage value vln of the AC power 
supply 1 becomes a value more than the voltage Vdc of 
the smoothing capacitor 8. in this case, the same oper- 
ation as the positive half period is carried out, and 
thereby, a conduction period becomes wide, and it is 5 
possible to obtain a smoother current waveform having 
no sharpness. 

[0078] Repeating the aforesaid operation for each 
period of the AC power supply 1 can enlarge a conduc- 
tion period, and obtain a smoother current waveform 
having no sharpness. Therefore, a very high power fac- 
tor can be obtained, and a harmonic distortion con- 
tained in the input current can be further reduced. 
[0079] Therefore, in the power supply device of this 
eighth embodiment, it is possible to enlarge a conduc- 
tion period of input current by a very simple control of 
outputting one-time pulse signal in the half period of the 
power supply voltage. Further, it is possible to optimize 
the timing of switching over the pulse signal from an on 
state to an off state, so that a sharpness of current 
waveform can be eliminated. As a result, a smoother 
current waveform can be obtained, and also, a har- 
monic distortion contained in the input current can be 
greatly reduced. 

[0080] In addition, the power supply device gener- 
ates a low noise, and it is possible to simplify a filter cir- 
cuit, and further, switching is one time in a half period of 
the AC power supply 1 . Therefore, a loss of the switch- 
ing elements 4a and 4b can be reduced, and a low-loss 
power supply device can be realized. Incidentally, the 
following concept of this eighth embodiment is applica- 
ble to the power supply device shown in the first to sev- 
enth embodiments. The concept is to detect a voltage of 
the smoothing capacitor 8, and compare the power sup- 
ply voltage Vin with the detected voltage Vdc of the 
smoothing capacitor 8, and thus, to control a timing of 
the pulse signal. 

(Ninth Embodiment) 

[0081] Fig. 16 is a circuit diagram showing a con- 
struction of a power supply device according to still 
another embodiment of the present invention. As shown 
in Fig. 16, the power supply device further includes a 
DC voltage detecting circuit 26 for detecting a voltage 
Vdc of the smoothing capacitor 8 and a load status 
detecting circuit 27 for detecting a magnitude of load, in 
addition to the circuit construction shown in Fig. 3. The 
load status detecting circuit 27 determines a magnitude 
of load 9 based on the voltage Vdc of the smoothing 
capacitor 8 obtained from the DC voltage detecting cir- 
cuit 26, and a load current obtained by a load current 
detecting circuit 71 which includes a resistor or a current 
transformer. The pulse signal controller 22 reads each 
output from the load status detecting circuit 27 and the 
DC voltage detecting circuit 26, and then, generates 
and outputs a pulse signal for driving the switching ele- 
ments 4a and 4b. 



[0082] The power supply device of this ninth 
embodiment will be described below in detail. 
[0083] The pulse signal controller 22 changes a 
pulse width of a pulse signal for turning on the switching 
elements 4a and 4b, in accordance with a magnitude of 
load obtained from the load status detecting circuit 27. 
For example, in the pulse width control carried out in the 
power supply device of the third embodiment, the pulse 
width may be changed in proportional to a magnitude of 
load obtained from the load status detecting circuit 27. 
Further, a pulse width capable of maximizing a power 
factor or efficiency is preset based on a magnitude of a 
predetermined load. Then, a pulse signal having the 
preset predetermined pulse width may be output! ed in 
accordance with a magnitude of the detected load. Fur- 
thermore, in the power supply device of the fourth 
embodiment a pulse width is preset so that an output 
voltage is set to a predetermined value in accordance 
with a magnitude of load, and then, a pulse signal hav- 
ing the preset predetermined pulse width may be out- 
putted in accordance with a magnitude of the detected 
load. In particular, the pulse signal controller 22 detects 
the voltage Vdc value of the smoothing capacitor 8 from 
the DC voltage detecting circuit 26, and thereby, it is 
confirmed whether a predetermined voltage is obtained, 
so that an output voltage can be more securely control- 
led. 

[0084] The power supply device of this ninth 
embodiment can be combined with the power supply 
device shown in the above embodiments, and thereby, 
the same advantage as the above invention can be 
obtained in ail loads. Therefore, in the power supply 
device of this embodiment, a pulse width is changed in 
proportion to a magnitude of load. Thereby, it is possible 
to simplify a control, and to obtain a sufficiently high 
power factor in all loads. Thus it is possible to restrict a 
harmonic wave in all load by a simple control. Moreover, 
a pulse width capable of maximizing a power factor or 
efficiency is preset in accordance with a magnitude of a 
predetermined load, and then, a pulse signal having the 
preset predetermined pulse width is outputted in 
accordance with a magnitude of the detected load. 
Thus, it is possible to greatly improve a power factor or 
efficiency in all loads. Thus, a harmonic distortion can 
be greatly reduced, in addition, the harmonic can be 
restricted, and a low-loss power supply device can be 
realized. Further, a pulse width is preset so that an out- 
put voltage is set to a predetermined value in accord- 
ance with a magnitude of load, and then, a pulse signal 
having the preset predetermined pulse width is output- 
ted in accordance with a magnitude of the detected 
load, and thereby, it is possible to obtain an arbitrary 
output voltage in all range of the load. Thus it is possible 
to restrict a harmonic distortion, and to realize high 
power. 

[0085] In this ninth embodiment, the load status 
detecting circuit 27 computes the voltage of the smooth- 
ing capacitor 8 obtained from the DC voltage detecting 
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circuit 26, and a magnitude of load from a load current 
obtained from the load current detecting circuit 71 com- 
prising a resistor or a current transformer. In the power 
supply device of the present invention, a load detecting 
method is not limited to the above method, and it can 5 
determine a load status from an output voltage, an out- 
put current, an input current and a current flowing 
through the switching means, as the detecting method. 
Further, combination of the aforesaid parameters can 
be used to detect a load. 10 

(Tenth Embodiment) 

[0086] Fig. 17 is a circuit diagram showing a con- 
struction of a power supply device according to still is 
another embodiment of the present invention. The 
power supply device shown in Fig. 17 is different from 
the power supply device of the above ninth embodiment 
in that the pulse signal controller 22 outputs a pulse sig- 
nal on the basis of only detection signal from the load 20 
status detecting circuit 27. 

[0087] The power supply device shown in Fig. 17 
will be described below in detail The pulse signal con- 
troller 22 selects a pulse signal for turning on the switch- 
ing elements 4a and 4b from any of pulse signal output 25 
patterns in the power supply devices shown in the 
above first to ninth embodiments in accordance with a 
magnitude of load obtained from the load status detect- 
ing circuit 27, and then, outputs it. 
[0088] Figs. 18A and 18B are views showing a 30 
pulse signal outputted by the pulse signal controller 22 
and its principal waveform in the power supply device of 
this tenth embodiment In Figs. 18A and 18B, "Par and 
"Pa2" show a pulse signal for driving the switching ele- 
ment 4a, and "Pb1 " and *Pb2" show a pulse signal for 35 
driving the switching element 4b. 
[0089] In Fig. 1 7, in the case where a magnitude W 
of load detected by the load status detecting circuit 27 is 
equal to or less than a predetermined value Y1 , a pulse 
signal of the output pattern shown in the third embodi- 40 
ment is outputted. On the other hand, in the case where 
the magnitude W of load is equal to or more than a pre- 
determined value Y1, a pulse signal of the output pat- 
tern shown in the fourth embodiment is outputted. 
[0090] More specifically, in the case of W ^ Y1 , the 45 
pulse signal controller 22 outputs a pulse signal Pal 
and Pb1 as shown in Fig. 18A. In the case of W & Y1, 
the pulse signal controller 22 outputs a pulse signal Pa2 
and Pb2 as shown in Fig. 1 8B. 

[0091] Thus, in a region where the load W is equal so 
to or less than a predetermined value Y1 (W s Y1), high 
power factor is obtained, and an output voltage can be 
kept substantially constant, that is, to a voltage obtained 
by full wave rectification. Moreover, in a region where 
the load W is equal to or more than a predetermined 55 
value Y1, it is possible to obtain high power factor, and 
an output voltage having a voltage value larger tha n a 
voltage obtained by voltage doubler rectification, jggff* 




[0092] In a region of W s Y1 , as shown in the ninth 
embodiment widening a pulse width in proportion to the 
magnitude W of load can gradually change the output 
voltage from a voltage obtained by full wave rectification 
to a voltage value larger than a voltage obtained by volt- 
age doubler rectification. 

[0093] Moreover, an another predetermined value 
Y2 may be preset, and the pulse signals may be both 
turned off when the magnitude of load is equal to or less 
than Y2. More specifically, in the case of W =i Y2, the 
pulse signal controller 22 outputs no pulse signal. On 
the other hand, in the case of Y2 ^ W ^ Y1 , the pulse 
signal controller 22 outputs the pulse signals Pa1 and 
Pb1 as shown in Fig. 18A. Further, in the case of W ^ 
Y1, the pulse signal controller 22 outputs the pulse sig- 
nals Pa2 and Pb2 as shown in Fig. 18B. 
[0094] Thus, in this embodiment, in the region 
where the magnitude W of load is equal to or less than 
Y2, there is no current flow (conduction) to the switching 
elements 4a and 4b. Therefore, it is possible to reduce 
a loss in the switching element and realize a low-loss 
power supply device. 

[0095] Therefore, in the power supply device of this 
tenth embodiment, the magnitude W of load is com- 
pared with a predetermined value, and a pulse signal to 
be outputted is changed in accordance with the magni- 
tude of the load. Thereby, it is possible to obtain high 
power factor in a whole range of the load, and to restrict 
a harmonic distortion. Further an output voltage is 
changed in accordance with the magnitude of load. 
Moreover, the pulse signal is turned off in a low load 
area, and thereby, a loss can be further reduced. 
[0096] As a result, with respect to a load whose 
magnitude varies, it is possible to restrict a harmonic 
distortion in all variable range of the load and vary an 
output voltage to realize high power. 
[0097] The circuit construction and control of the 
power supply device are simplified. Therefore, a switch- 
ing noise becomes small, and a filter circuit is simplified, 
and further a loss in the switching means becomes 
small. Thus a low-loss power supply device can be pro- 
vided. 

[0098] Combination of the pulse signal output pat- 
tern of the power supply device of this tenth embodi- 
ment may be used in the power supply devices shown in 
the first to ninth embodiments. 
[0099] In this tenth embodiment, the load status 
detecting circuit 27 determines a magnitude of load, the 
voltage of the smoothing capacitor 8 obtained from the 
DC voltage detecting circuit 26, and a load current 
obtained from the load current detecting circuit 71. In 
the power supply device of the present invention, a load 
detecting method is not limited to the above method, for 
example, it is possible to determine a load from an out- 
put voltage, an output current an input current of the 
power supply device, a current flowing through the 



12 



23 



EP1022 844A2 



24 



switching element, pulse width or the combination 
thereof to detect the load. 

(Seventh Embodiment) 

5 

[0100] Fig. 19 Is a circuit diagram showing a con- 
struction of a power supply device according to still 
another embodiment of the present invention. As shown 
in Fig. 19, the power supply device includes an inverter 
10 and a load status detecting circuit 27, in addition to 10 
the circuit configuration shown in Fig. 3. The inverter 10 
is composed of a plurality of semiconductor elements, 
and the semiconductor elements are switched over 
according to a high frequency. Thereby, a substantially 
DC voltage Vdc of the both terminals of the smoothing is 
capacitor 8 is converted into an AC voltage of a variable 
voltage/variable frequency. Self arc-extinguishable 
semiconductors such as a power transistor, a power 
MOSFET, IGBT are used as the semiconductor ele- 
ment, like the switching elements of the power factor 20 
correction circuit 7. The AC voltage of variable volt- 
age/variable frequency outputted by the inverter 10 is 
supplied to a motor 1 1 so that the motor 1 1 is driven at 
a variable speed. A DC brushless motor is used as the 
motor 11. 25 
[0101 ] Moreover, the load status detecting circuit 27 
is composed of an inverter controller 30, an inverter 
driver 31 and a position detecting circuit 32. The posi- 
tion detecting circuit 32 detects a rotor position of the 
motor 1 1 , that is, the DC brushless motor, and outputs a so 
positional detection signal. The position detecting circuit 
32 comprises a Hall sensor, an encoder or the like. The 
inverter controller 30 generates and outputs a control 
signal for driving the inverter 10 on the basis of the posi- 
tional detection signal from the position detecting circuit 35 
32, and comprises a microprocessor or the like. The 
inverter driver 31 drives the semiconductor element of 
the inverter 10 on the basis of the control signal gener- 
ated and outputted by the inverter controller 30. 
[0102] The pulse signal controller 22 generates and 40 
outputs a pulse signal for driving the switching elements 
4a and 4b, and also, in this eleventh embodiment, reads 
a load state detected by the inverter controller 30 which 
is one of components of the load status detecting circuit 
27. 45 
[0103] The power supply device shown in Fig. 19 
will be described below in detail. The inverter controller 
30 receives an external speed command signal and a 
positional detection signal from the position detecting 
circuit 32, and generates a control signal for driving the so 
inverter 10 in order to control the motor to a predeter- 
mined speed. 

[0104] TBJpvTgwexa^^ 





[0105] On the other hand, in the power factor cor- 
rection circuit 7, in order to improve a power factor of 
input current, the pulse signal controller 22 outputs a 
pulse signal for driving the switching elements 4a and 
4tx However, a power factor or efficiency of the power 
supply device depends greatly on a pulse width of the 
pulse signal. Therefore, in order to maximize the power 
factor or efficiency, there is a need of outputting a pulse 
signal having an optimum pulse width. The optimum 
pulse width differs depending upon a magnitude of load, 
a circuit constant or the like. 
[01 06] In an ail load variable range of the motor 1 1 , 
in order to obtain the maximum power factor or effi- 
ciency, it is important to control a pulse width of the 
pulse signal in accordance with a magnitude of load. In 
this embodiment, the following method is used as a 
method for detecting a magnitude of load. In the 
method, a computation is carried out based on a speed 
of the motor 1 1 obtained from a detection interval of the 
positional detection signal outputted by the position 
detecting circuit 32. 

[01 07] For example, a pulse width capable of maxi- 
mizing a power factor or efficiency is preset with respect 
to a speed of the motor 1 1 . Then, the pulse signal con- 
troller 22 may output a pulse signal having a preset pre- 
determined pulse width in accordance with the detected 
speed of the motor 11. Moreover, when the optimum 
pulse width is proportional substantially to a speed of 
the motor 1 1 , as shown in Fig. 20, the pulse signal con- 
troller 22 may control a pulse width of the pulse signal in 
proportion to the detected speed of the motor 1 1 . 
[0108] In the power supply device of this embodi- 
ment, the magnitude of load is computed based on the 
speed of the motor 1 1 , and a pulse width capable of 
maximizing a power factor or efficiency is preset with 
respect to the speed of the motor 1 1 , and further, a pre- 
determined pulse signal is outputted in accordance with 
the speed of the motor 11. Therefore, it is possible to 
obtain a sufficient power factor or efficiency in all oper- 
ating ranges of the motor 11. Whereby it is possible to 
sufficiently reduce a harmonic distortion contained in an 
input current in all operating ranges of the motor 1 1 , and 
to realize a low-loss power supply device for driving a 
motor. In addition, a switching noise can be small, and it 
is possble to restrict an increase of loss in a filter circuit 
and the switching elements 4a and 4b. 
[0109] Moreover, when the optimum pulse width is 
proportional substantially to a speed of the motor 11, 
the pulse width of the pulse signal is controlled in pro- 
portion to the detected speed of the motor 11. There- 
fore, likewise, it is possible to obtain a sufficient power 
factor or efficiency in all operating ranges of the motor 
1 1 . In this case, since the pulse width of the pulse signal 
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is represented as a linear expression to the speed of the 
motor 1 1 , a pulse width control can be further simplified. 
Therefore in all operating ranges of the motor 11, it is 
possible to sufficiently reduce a harmonic distortion 
contained in an input current by a simple control, and to 
realize a low-loss power supply device for driving a 
motor. 

(Twelfth Embodiment) 

[0110] A power supply device according to still 
another embodiment of the present invention will be 
described below with reference to Fig. 19, Fig. 21, Rg. 
22 and Fig. 23. 
[0111] 



control by the power factor correction circuit 7 by the 
pulse signal controller 22g 




The input 

current is detected by an input current detecting circuit 
(not shown) such as a resistor and a current transformer 
provided on a current flowing path. In the following 
description, an operation mode by the pulse signal 
shown in the third embodiment is referred to as "full 
wave rectification mode", and an operation mode by the 
pulse signal shown in the fourth embodiment is referred 
to as Voltage doubler rectification mode". 
[0112] In Fig. 21, after the motor 1 1 starts up, the 
pulse signal controller 22 of the power factor correction 
circuit 7 carries out a power factor correction in the full 
wave rectification mode. In this case, for example, a 
voltage of the AC power supply 1 is 200V, the voltage 
Vdc of the smoothing capacitor 8 becomes about 280V. 
[01 1 3] When the load of the motor 1 1 increases, the 
input current also increases. The pulse signal controller 
22 controls a pulse width of the pulse signal in accord- 
ance with a magnitude of the load, that is, a magnitude 
of the input current so as to maximize a power factor or 
efficiency. In this interval, in order to control the motor to 
a predetermined speed on the basis of a speed com- 
mand signal from the external. The inverter controller 30 
carries out an inverter PWM (Pulse Width Modulation) 
control for controlling the motor 11 to a predetermined 
speed. That is, the inverter controller 30 controls a pulse 
duty of a high frequency pulse signal for driving each 
semiconductor element of the inverter 10 to adjust a 
voltage applied to the motor 1 1 . 
[01 1 4] Then, with an increase of the load, when the 
pulse duty of the high frequency pulse signal outputted 
by the inverter controller 30 reaches a predetermined 
value, for example, 100%,^ 
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[01 1 5] Next, another control method in this embod- 
iment will be described below with reference to Rg. 22. 
In Rg. 22, after the motor 1 1 starts up. the pulse signal 
controller 22 of the power factor correction circuit 7 car- 
ries out a power factor correction in the full wave rectifi- 
cation mode. In this case, for example, when a voltage 
of the AC power supply 1 is 1 00V, the voltage Vdc of the 
smoothing capacitor 8 becomes about 1 40 V. 
[01 1 6] When the load of the motor 1 1 increases, the 
input current also increases. The pulse signal controller 
22 controls a pulse width of the pulse signal in accord- 
ance with a magnitude of the load, that is, a magnitude 
of the input current to maximize a power factor or effi- 
ciency. In this interval, the inverter controller 30 carries 
out the inverter PWM control for controlling the motor 1 1 
to a predetermined speed on the basis of the speed 
command signal from the external. 
[01 1 7] Then, with an increase of the load, when the 
pulse duty of the inverter 10 reaches a predetermined 
value, for example, 100%. a voltage supply to the motor 
11 becomes a saturated state, and the speed of the 
motor is not increased any more. Whereupon the volt- 
age, Vdc of the smoothing capacitor 8 is controlled 
according to a pulse signal control by the power factor 
correction circuit 7 controlled by the pulse signal con- 
troller 22 so that a voltage applied to the motor is 
adjusted, and thereby, the inverter PAM control for con- 
trolling the motor 1 1 to a predetermined speed is carried 
out. 

[01 18] However, when the voltage value of the AC 
power supply 1 is 100V, in the full wave rectification 
mode, there is the limit in a control range of the output 
voltage Vdc, that is, in a supply to the motor 1 1 . There- 
fore it is impossible to sufficiently accelerate the speed 
of the motor. 



fter that, the voltage Vdc of the 
smoothing capacitor 8 is controlled by a pulse signal 



tin this voltage doubler rectification mode, 
the output voltage Vdc is controlled by a pulse width of 
two pulse signals outputted by two switching elements 
4a and 4b of the power factor correction circuit 7. A 
great voltage boost effect in the voltage doubler rectifi- 
cation mode can provide the same output voltage Vdc in 
input of 100V as oulput voltage to the input of 200V. 
Thus the inverter PAM control can be performed in a 
wider range. 

[0119] The switch-over from the full wave rectifica- 
tion mode to the voltage doubler rectification mode may 
not be always carried out at the pant at which the pulse 
duty of the high frequency pulse signal outputted by the 
jnverter controller 30 reaches 100%. As shown in Rg. 
23, a switchover of the mode may be after and before 
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the point at which the pulse duty ratio reaches 100%. 
[0120J Moreover, a hysteresis is provided at the 
switchover point from the full wave rectification mode to 
the voltage doubler rectification mode. Thus it is possi- 
ble to prevent a mode change from being complicatedly 
carried out due to an unstable operation in the vicinity of 
the switchover point of mode. 
[0121] In the power supply device of this embodi- 
ment, in addition to power factor correction in the full 
wave rectification mode by the pulse signal controller 
22, the speed of the motor 1 1 is controlled by the 
inverter PWM control in a region where a load acting on 
the motor 1 1 is small, and is controlled by the inverter 
PAM control in a region where the load is targe. There- 
fore, a sufficient power factor is obtained in all operating 
ranges of the motor 1 1 , and in particular, it is possible to 
restrict a switching loss in an inverter PAM control 
region. It is therefore possible to realize a low-loss 
inverter 10 and motor 1 1. In addition, the output voltage 
Vdc can be improved. 

[01 22] Whereby it is possible to sufficiently restrict a 
harmonic distortion of the input current in all operating 
ranges of the motor 11, and to realize a power supply 
device which can drive the motor 11 having high effi- 
ciency and high power. In addition, a switching noise 
can be small, and it is possible to restrict an increase of 
loss in a filter circuit and the switching elements 4a and 
4b with a simple control. 

[0123] Moreover, in a region where a load acting on 
the motor 1 1 is small, power factor correction by the full 
wave rectification mode and a speed control of the 
motor 1 1 by the inverter PWM control are carried out. In 
a region where the load is large, power factor correction 
by the voltage doubler rectification mode and a speed 
control of the motor 1 1 by the inverter PAM control are 
earned out. Therefore, a sufficient power factor is 
obtained in all operating ranges of the motor 1 1 , and the 
inverter PAM control is carried out in a wide range by a 
voltage boost effect of the voltage doubler rectification 
mode. Consequently, it is possible to depress an 
increase in switching loss of the inverter 10 and the 
motor 1 1 , and to greatly improve the output voltage Vdc. 
[0124] Whereby it is possible to realize a power 
supply device which can sufficiently restrict a harmonic 
distortion of the input current in all operating ranges of 
the motor 11, and can drive the motor 11 having high 
efficiency and high power in a wide range. In addition, a 
switching noise becomes small, and it is possible to 
restrict an increase of loss in a filter circuit and the 
switching elements 4a and 4b with a simple control. 
[0125] In this twelfth embodiment, a pattern of the 
pulse signal outputted by the pulse signal controller 22 
is not limited to one in this embodiment The output pat- 
tern may be selected from the arbitrary combination of 
patterns of above embodiments as required. Moreover, 
in the above eleventh and twelfth embodiments, the 
motor 1 1 uses the DC brush! ess motor. The motor used 
in the power supply device of the present invention is 



not limited to the DC brushless motor, and the same 
effect can be obtained in other motors such as an induc- 
tion motor or the like. The load status detecting circuit 
27 is not limited to the construction shown in Fig. 19. In 

5 : the above eleventh and twelfth embodiments, the speed 
of the motor 1 1 and a magnitude of the input current of 
the AC power supply 1 have been used in a method of 
detecting the load status. The parameters such as an 
output pulse duty of the inverter 10, an output fre- 

io quency, an output current value, a voltage and current 
applied to the motor 1 1 , may be used. In addition, com- 
bination of these parameters may be used to detect a 
magnitude of load. The same effect can be obtained. 

15 (Thirteenth Embodiment) 

[0126] A power supply device according to still 
another embodiment of the present invention will be 
described below with reference to Fig. 24. The power 

20 supply device of this embodiment includes a power sup- 
ply voltage determining circuit 25', in addition to the cir- 
cuit construction shown in Fig. 23. The pulse signal 
controller 22 generates and outputs a pulse signal for 
driving the switching elements 4a and 4b, and in this 

25 embodiment, reads a voltage of the AC power supply 1 
detected by the power supply voltage determining cir- 
cuit 25' and a load status detected by the inverter con- 
troller 30 which is one component of the load status 
detecting circuit 27. 

30 [0127] The power supply device shown in Fig. 24 
will be described below in detail. The power supply volt- 
age determining circuit 25" detects a voltage of the AC 
power supply 1 from a ripple voltage which is an output 
of the rectifier circuit 2 and compares the detected volt- 

35 age with a predetermined value. When the detected 
voltage value is determined to be 200V by the compari- 
son, a control suitable for the operation with the supply 
voltage of 200V is carried out. That is, the pulse signal 
controller 22 controls the pulse signal to improve a 

40 power factor in the full wave rectification mode as shown 
in Fig. 21. The inverter controller 30 carries out the 
inverter PWM control in low and intermediate load 
regions and carries out the inverter PAM control in a 
high load region. Thus, a speed of the motor 1 1 can be 

45 controlled. 

[0128] When the voltage determined by the power 
supply voltage determining circuit 25* is 100V, a control 
suitable for the operation with supply voltage of 100V is 
carried out. As shown in Fig. 22 or 23, in a low load 

50 region, the pulse signal controller 22 controls output 
pulse signal so as to improve a power factor in the full 
wave rectification mode, and the inverter controller 30 
carries out the inverter PWM control. In intermediate 
and high load regions, the pulse signal controller 22 car- 

55 ries out a power factor correction in the voltage doubler 
rectification mode, and the inverter controller 30 carries 
out the inverter PAM control. 

[0129] In the power supply device of this embodi- 
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ment, the control method of the power factor correction 
circuit 7 and inverter 10 is switched in accordance with 
the voltage of the AC power supply 1 detected by the 
supply voltage determining circuit 25'. Therefore, H is 
possible to obtain a sufficient power factor in all operat- 
ing ranges regardless of the voltage value of the AC 
power supply 1. In addition, it is possible to reduce a 
loss, and to improve the output voltage Vdc. 
[0130] Thus, even in the case where the voltage 
value of the AC power supply 1 is 100V or 200V, it is 
possible to realize a power supply device in a same cir- 
cuit configuration for the power supply of 100V or 200V 
which can sufficiently restrict a harmonic cfistortion in all 
operating ranges of the motor 11 and can drive the 
motor 1 1 in high efficiency with high power. In addition, 
a switching noise can be small, and it is possible to 
restrict an increase of loss in a filter circuit and the 
switching elements 4a and 4b with a simple control. 
[0131] In this embodiment, the control method 
shown in Fig. 22 or 23 has been employed in the case 
where the voltage value of the AC power supply 1 is 
100V, and the control method shown in Fig. 21 has been 
employed when the voltage of the AC power supply 1 is 
200V. Other control methods however may be combined 
to be used. 

(Fourteenth Errtbodiment) 

[0132] A power supply device according to still 
another embodiment of the present invention will be 
described below with reference to Fig. 25. The power 
supply device of this embodiment further includes a 
power-supply frequency detecting circuit 28 for detect- 
ing a frequency of the AC power supply 1 to output a fre- 
quency detection signal, in addition to the circuit 
construction shown in Fig. 3. The pulse signal controller 
22 generates and outputs a pulse signal for driving the 
switching elements 4a and 4b, and also, reads the fre- 
quency detection signal from the power-supply fre- 
quency detecting circuit 28. 

[0133] The power supply device shown in Fig. 25 
will be described below in detail. In the case where the 
AC power supply 1 is a commercial power supply, its fre- 
quency is either 50Hz or 60Hz. Time lengths of one 
period in these frequency are different each other. 
Therefore, even if a magnitude of the load 9 is the same, 
an optimum pulse width capable of maximizing a power 
factor or efficiency is different in each frequency. 
[0134] Thus, in order that the power supply device 
obtains a sufficient power factor or efficiency regardless 
of the frequency of the AC power supply 1, the pulse 
signal controller 22 must output a pulse signal having 
the optimum pulse width corresponding to each fre- 
quency. 

[0135] In the power supply device of this embodi- 
ment, as shown in Fig. 26, an optimum pulse width 
capable of maximizing a power factor or efficiency is 
preset for each frequency of the AC power supply 1. 



The pulse signal controller 22 receives the frequency 
detection signal of the AC power supply 1 detected by 
the power-supply frequency detecting circuit 28, and 
then, outputs the optimum pulse signal in the previously 

5 set pulse signals which corresponds to the detected fre- 
quency. Or a reference frequency is preset and an opti- 
mum pulse signal corresponding to the reference 
frequency is preset Then, in the case where the fre- 
quency detected by the power-supply frequency detect- 

10 ing circuit 28 is different from the reference frequency, 
the pulse signal corresponding to the preset reference 
frequency is computed based on a predetermined ratio, 
and thereby, a brief optimum pulse signal is obtained. 
For example, in the case where the reference frequency 

15 is 60Hz and a frequency detected by the power-supply 
frequency detecting circuit 28 is 50Hz, a preset pulse 
signal is computed on the basis of a predetermined ratio 
(e.g., 60Hz/50Hz = 1.2 times) to obtain an optimum 
pulse signal to 50Hz, and then, the pulse signal is then 

20 outputted. 

[0136] In the power supply device of this embodi- 
ment, a pulse width capable of optimizing a power factor 
or efficiency is preset for each frequency of the AC 
power supply 1, and the pulse signal controller 22 out- 

25 puts a pulse signal having an optimum pulse width cor- 
responding to each detected frequency. Therefore, it is 
possible to obtain a sufficient power factor or efficiency 
regardless of a frequency of the AC power supply 1. 
Whereby it is possible to sufficiently restrict a harmonic 

30 distortion of the input current without performing setting 
and modification in accordance with a frequency of the 
AC power supply 1. 

[0137] Moreover, an optimum pulse signal corre- 
sponding to a reference frequency is preset and when 
35 the detected frequency is different from the reference 
frequency, the pulse signal controller 22 outputs a pulse 
signal which is computed with respect to a preset refer- 




45 [0138] In this embodiment not only the optimum 
pulse signal is preset in accordance with a magnitude of 
load, but also a pulse width of the pulse signal is varied 
in proportion to the magnitude of load. Thus, it is possi- 
ble to readily carry out a pulse control in accordance 

so with a frequency of the AC power supply 1 . Further, in 
this embodiment, the power-supply frequency detecting 
circuit 28 is provided. A frequency of the AC power sup- 
ply 1 however may be computed based on a detection 
interval of the zero cross detection signal outputted by 

55 the zero cross detecting circuit 21 . The same advantage 
can be obtained as one in the other embodiments. 
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(Fifteenth Embodiment) 

[0139] Fig. 27 shows one example of an air condi- 
tioner to which any of the power supply devices of the 
present invention is applied. As shown in Fig. 27, the air 5 
conditioner uses the power supply device shown in the 
first embodiment as a converter. The air conditioner 
includes an inverter 81, a power-driven compressor 82 
and a refrigeration cycla The refrigeration cycle com- 
prises an indoor unit 92, an outdoor unit 95 and a four- 10 
way valve 91. The indoor unit 92 comprises an indoor 
heat exchanger 93 and an indoor fan 94. The outdoor 
unit 95 comprises an outdoor heat exchanger 96, an 
outdoor fan 97 and an expansion valve 98. A refrigerant 
which carries a heat circulates through the refrigeration is 
cycle. The refrigerant is compressed by the power- 
driven compressor 82, and then makes a heat 
exchange with an outdoor air supplied from the outdoor 
fan 97 by the outdoor heat exchanger 96, and further, 
makes a heat exchange with an indoor air supplied from 20 
the indoor fan 94 by the indoor heat exchanger 93. 
Room cooling or heating is performed by an air after 
heat exchange by the indoor heat exchanger 93. A 
switchover of cooling or heating is carried out by invert- 
ing a circulating direction of the refrigerant by the four- 25 
way valve 91 . The circulation of refrigerant in the refrig- 
eration cycle is performed by driving the compressor 82 
by the inverter 81, and a supply of power to those 
inverter 81 and the compressor 82 is carried out using 
the power supply device of the first embodiment which 30 
functions as a converter. The construction and opera- 
tion of the power supply device are as described before. 
[0140] With the above construction, it is possible to 
restrict a harmonic distortion of an input current in an air 
conditioner. Further, it is possible to provide a low-loss 35 
air conditioner having a small switching noise. 
[0141] In this fifteenth embodiment the power sup- 
ply device of the first embodiment has been used as a 
converter. Even in the case where other power supply 
devices of the second to fourteenth embodiments are 40 
used, it is possfole to provide an air conditioner having 
an effect of each power supply device. 
[0142] For example, in the power supply device of 
the present invention, even if the AC power supply 1 
provides 200V, as shown in the third embodiment, a 45 
harmonic distortion can be restricted, and a small-size 
reactor 3 can be realized. Therefore, it is possible to use 
the same reactor 3 as that used in the input of 1 00 V. 
[0143] As shown in the fourth embodiment, even if 
the AC power supply 1 is100V,itispossib!etoobtainan so 
output voltage higher than a voltage obtained by the 
voltage doubler rectification in addition to the restriction 
of harmonic. Therefore, even in the case of the input of 
100V, it is possible to obtain the same output voltage as 
the input of 200V without providing the voltage doubler ss 
rectifier circuit. Further, as shown in the ninth to twelfth 
embodiments, a pulse width and the control method of 
pulse signal are modified in accordance with a magni- 



tude of load. Therefore, it is possible to obtain an opti- 
mum output voltage, power factor and efficiency in all 
load ranges. 

[0144] The power supply device of this embodiment 
is applicable to any of 1 00V type and 200V type air con- 
ditioners and can restrict a harmonic distortion con- 
tained in an input current by the high power factor. 
Further, the power supply device has the following 
advantages. More specifically, the circuit construction 
and components can be used in common, and the 
number of processes and components can be greatly 
reduced. 

[0145] In the power supply devices shown in the 
above first to fifteenth embodiments, the same advan- 
tages are provided as this embodiment by a circuit con- 
struction as shown in Fig. 28 of modifying a value of the 
capacitor 5a and 5b and omitting the Smoothing capac- 
itor 8. Fig. 29 shows a current flowing path in the circuit 
construction shown in Fig. 28. Further, in the power 
supply devices shown in the first to eleventh embodi- 
ments, the reactor 3 has been connected to a ripple out- 
put side of the rectifier circuit 2. As shown in Fig. 30, 
even in the case where the reactor 3 is connected to an 
AC input side of the rectifier circuit 2, the same advan- 
tages can be obtained. 

[0146] Although the present invention has been 
described in connection with specified embodiments 
thereof, many other modifications, corrections and 
applications are apparent to those skilled in the art. 
Therefore, the present invention is not limited by the dis- 
closure provided herein but limited only to the scope of 
the appended claims. 

Claims 

1 . A power supply device comprising: 

(a) a rectifier unit (2) for rectifying an output 
voltage of an AC power sippry (1) to convert 
the voltage into a DC voltage; 

(b) a reactor (3) connected to the rectifier unit; 

(c) a power factor correction unit (7) for input- 
ting an output voltage of the rectifier unit via the 
reactor, the power factor correction unit includ- 
ing a switching circuit comprising a plurality of 
switching elements (4a, 4b) connected in 
series and turning on or off to change a current 
path in the power factor correction unit, a 
capacitor circuit comprising a plurality of 
capacitors (5a, 5b) connected in series, and a 
reverse-current blocking rectifier element (6a, 
6b) for preventing the charge in the capacitors 
from flowing reversely when the switching cir- 
cuit turns on, the switching circuit and the 
capacitor circuit being arranged in parallel, at 
least one of connection nodes between the 
switching elements being connected to one 
connection note between the capacitors, ends 
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of the switching circuit being connected to ends 
of the capacitor circuit via the reverse-current 
blocking rectifier element; 

(d) a pulse signal controller (22) for generating 
and outputting a pulse signal to turn on and off s 
each switching element of the power factor cor- 
rection unit; and 

(e) a switching driver (23) for receiving the 
pulse signal to drive the switching circuit of the 
power factor correction unit based on the 10 
received pulse signal. 

2. A power supply device according to claim 1, 
wherein: 

15 

the pulse signal controller outputs a pulse sig- 
nal to turn on at least one of the plurality of 
switching elements of the power factor correc- 
tion unit for a predetermined time in a half 
period of the AC power supply. 20 

3. A power supply device according to claim 2, further 
comprising a zero cross detecting unit (21) for 
detecting a zero cross point of the power supply 
voltage to output a zero cross detection signal, 25 
wherein the pulse signal controller outputs a pulse 
signal for turning on the switching circuit of the 
power factor correction unit for a predetermined 
time based on the zero cross detection signal from 
the zero cross detecting unit. 30 

4. A power supply device according to claim 2 or 3, 
wherein the pulse signal controller (22) generates a 
pulse signal for turning on each switching element 

of the power factor correction unit for a predeter- 35 
mined time, or for a different predetermined time, 
and switches over an output pattern of the pulse 
signal for each half period of the AC power supply 
voltage. 

40 

5. A power supply device according to claim 2 or 3, 
wherein the pulse signal controller (22) generates a 
pulse signal for turning on only one of switching ele- 
ments of the power factor correction unit for a pre- 
determined time, and switches over an output 45 
pattern of the pulse signal for each half period of 
the AC power supply voltage. 

6. The power supply device according to claim 2 or 3, 
wherein the pulse signal controller (22) generates a so. 
pulse signal for simultaneously turning on all 
switching elements of the power factor correction 
unit for a predetermined time, and outputs the pulse 
signal for each half period of the AC power supply 
voltage. 55 

7. A power supply device according to any one of 
claims 2 to 6, further comprising a zero cross 



detecting unit (21) for detecting a zero cross pant 
of the power supply voltage to output a zero cross 
detection signal, and a detection signal delay unit 
for receiving the zero cross signal from the zero 
cross detecting unit to output a zero cross delay 
signal after a predetermined time elapses, wherein 
the pulse signal controller receives the zero cross 
delay signal from the detection signal delay unit, 
and then outputs a pulse signal for turning on at 
least one of the switching elements of the power 
factor correction unit for a predetermined time. 

8. A power supply device according to any one of the 
preceding claims, further comprising a power sup- 
ply voltage detecting unit (25) for detecting a volt- 
age of the AC power supply, wherein when a 
voltage detected by the power supply voltage 
detecting unit becomes equal to or more than a pre- 
determined value, the pulse signal controller (22) 
outputs a pulse signal for turning on at least one of 
the switching elements of the power factor correc- 
tion unit for a predetermined time. 

9. A power supply device according to any one of the 
preceding claims, further comprising a power sup- 
ply voltage detecting unit (25) for detecting a volt- 
age of the AC power supply, and a DC voltage 
detecting unit (26) for detecting an output voltage of 
the power supply device, wherein when the voltage 
detected by the power supply voltage detecting unit 
becomes equal to or more than a DC voltage 
detected by the DC voltage detecting unit, the pulse 
signal controller (22) outputs a pulse signal for turn- 
ing off the switching elements of the power factor 
correction unit 

10. A power supply device according to any one of the 
preceding claims, further comprising a load status 
detecting unit (27) for detecting a magnitude of a 
load, wherein the pulse signal controller (22) 
selects one control method from a plurality of con- 
trol methods for controlling the pulse signal in 
accordance with a magnitude of the load detected 
by the load status detecting unit and then outputs 
the signal. 

1 1 . A power supply device according to any one of the 
preceding claims, further comprising a load status 
detecting unit (27) for detecting a magnitude of a 
load, wherein the pulse signal controller (22) 
changes a pulse width of the pulse signal in accord- 
ance with the magnitude of the load detected by the 
load status detecting unit, and then outputs the sig- 
nal. 

12. A power supply device according to any one of the 
preceding claims, further comprising a supply volt- 
age determining unit (25*) for determining a voltage 
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of the AC supply, wherein the pulse signal controller 
(22) switches over an output pattern of the pulse 
signal in accordance with the determining result by 
the supply voltage determining unit. 

5 

13. A power supply device according to any one of the 
preceding claims, further comprising a power sup- 
ply frequency detecting unit (28) for detecting a fre- 
quency of the AC power supply voitage4, wherein 
the pulse signal controller (22) outputs a pulse sig- 10 
nal having different pulse width in accordance with 

a frequency detected by the power supply fre- 
quency detecting unit 

14. A power supply device according to any one of the is 
preceding claims, further comprising a smoothing 
capacitor (8) for smoothing an output voltage of the 
power factor correction unit. 

1 5. A power supply device according to any one of the 20 
preceding claims, wherein the load (9) comprises a 
motor (1 1) and an inverter (10) for providing a sup- 
ply voltage to the motor, and the load status detect- 
ing unit (27) detects a variation generated from a 
status transition of the inverter or the motor. 25 

1 6. An air conditioner comprising a compressor (82) for 
compressing a refrigerant, and a power supply 
device according to any one of the preceding 
claims for providing supply voltage to the compres- 30 
sor. 
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